Insights into the catalytic roles of the polypeptide regions in the active site of thermolysin and generation of the thermolysin variants with high activity and stability.
The active site of thermolysin is composed of one zinc ion and five polypeptide regions [N-terminal sheet (Asn112-Trp115), alpha-helix 1 (Val139-Thr149), C-terminal loop 1 (Asp150-Gly162), alpha-helix 2 (Ala163-Val176) and C-terminal loop 2 (Gln225-Ser234)]. To explore their catalytic roles, we introduced single amino-acid substitutions into these regions by site-directed mutagenesis and examined their effects on the activity and stability. Seventy variants, in which one of the twelve residues (Ala113, Phe114, Trp115, Asp150, Tyr157, Gly162, Ile168, Ser169, Asp170, Asn227, Val230 and Ser234) was replaced, were produced in Escherichia coli. The hydrolytic activities of thermolysin for N-[3-(2-furyl)acryloyl]-Gly-l-Leu amide (FAGLA) and casein revealed that the N-terminal sheet and alpha-helix 2 were critical in catalysis and the C-terminal loops 1 and 2 were in substrate recognition. Twelve variants were active for both substrates. In the hydrolysis of FAGLA and N-carbobenzoxy-L-Asp-L-Phe methyl ester, the k(cat)/K(m) values of the D150E (in which Asp150 is replaced with Glu) and I168A variants were 2-3 times higher than those of the wild-type (WT) enzyme. Thermal inactivation of thermolysin at 80 degrees C was greatly suppressed with the D150H, D150W, I168A, I168H, N227A, N227H and S234A. The evidence might provide the insights into the activation and stabilization of thermolysin.